Intracytoplasmic inclusion bodies suggestive of iridovirus infection were observed in formalinfixed, paraffin-embedded tissues from a nautilus (Nautilus spp.) that died without premonitory signs. Transmission electron microscopy revealed enveloped, hexagonal, viral particles that measured approximately 176 nm in diameter. Virions contained a dense central core and morphology typical of iridoviruses. Extracted DNA was amplified using primers homologous to conserved iridovirus sequences. The amplicons were cloned, sequenced, and determined to be approximately 60% similar to reported amphibian iridovirus sequences. A polymerase chain reaction-generated digoxigenin probe was used to detect viral nucleic acid in tissue sections by DNA in situ hybridization and high-affinity cytochemistry. The detected nucleic acid corresponded to the inclusion bodies observed microscopically. This represents a novel iridovirus of mollusks.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> An adult nautilus (Nautilus sp.) was found dead in its aquarium. Premonitory signs of disease had not been observed. The mollusk was necropsied, and representative tissue specimens were fixed in neutral-buffered 10% formalin and submitted to the Infectious Diseases Laboratory, Zoo and Exotics Pathology Services at the University of Georgia College of Veterinary Medicine for histologic evaluation. The tissues were processed in routine manner, embedded in paraffin, sectioned at 4-mm thickness, and stained with hematoxylin and eosin (HE) for evaluation by light microscopy. Multifocal tubular epithelial cells in the hematopoietic kidney exhibited marked anisocytosis and anisokaryosis. Cells were often markedly enlarged (mega-locytes) and contained vesicular nuclei with prominent nucleoli. Affected cells contained large, deeply basophilic, cytoplasmic inclusions that varied in size and shape, with a few displacing the nucleus to the periphery of the cell ( Fig. 1) . Similar changes were observed in branchial epithelial cells. Additional sections of hematopoietic kidney and respiratory tract tissue were fixed overnight in a solution containing 2% paraformaldehyde, 2% glutaraldehyde, and 0.2% picric acid in 0.1 M cacodylate-HCl buffer. After fixation, the tissues were embedded in resin and thin sections were stained with osmium tetroxide and lead citrate for examination by transmission electron microscopy. Numerous 176-nm-diameter, enveloped, hexagonal, viral particles that contained a central electrondense core surrounded by an electron-lucent area were observed in the cytoplasm of renal tubular epithelial cells ( Fig. 2 ). On the basis of the light and transmission electron microscopic characteristics, a presumptive diagnosis of iridovirus infection was made.
Three, 10-mm-thick sections of formalin-fixed, paraffinembedded tissues were deparaffinized by extraction twice with xylene for 30 minutes, 2 dehydrations in 100% ethanol for 30 minutes each, and subsequent drying of the tissues at 42uC for 1 hour. The DNA was then extracted using a commercially available kit. a Three sets of previously reported primers, 3,5,6 based on conserved areas in reported iridovirus sequences, were used for polymerase chain reaction (PCR) analysis. Primer pair 1 (PCRFOR: 59-ACCATTACATTTAATGATTTGG-39; PCRREV: 59-TTTTGACGTGGTGCAGTTTGAAC-39) was designed to amplify a 500-bp region within the major capsid protein (MCP) gene of the genus Iridovirus. 6 Primer pair 2 (MCP4: 59-GACTTGGCCACTTATGAC-39; MCP5: 59-GTCTC-TGGAGAAGAAGAA-39) was designed to amplify a 500bp region in the MCP gene of the genus Ranavirus. 3 Primer set 3 (Primer2: 59-AACCTTTGTGGTGGAGCCC-39; Primer3: 59-CATTCGACGGGATTGAGCC-39) consisted of primers designed from conserved sequences in frog virus 3 (Ranavirus) and silkworm iridescent virus type 6 (Iridovirus) that amplified an approximately 200-bp region in the immediate early protein gene in fish iridovirus. 5 One microliter of extracted DNA was added to a commercially available mixture b and was amplified as follows: 95uC melting temperature for 5 minutes followed by 28 cycles consisting of 4 cycles each of 95uC for 1 minute, a descending annealing temperature from 70uC to 40uC in 5uC increments, and an extension temperature of 72uC for 3 minutes; 35 cycles of 95uC for 30 seconds, 55uC for 30 seconds, and 72uC for 3 minutes; and a final cycle of 72uC for 10 minutes.
Of the 3 primer sets, only set 3 produced a 327-bp product (289 bp excluding primer sequences). This amplicon was purified using a commercially available kit, c and 2 ml were ligated into a Thymidine Adenine (TA) cloning vector d and sequenced at a molecular genetics facility on the University of Georgia campus e using primers homologous to vector sequences that flanked the DNA insert. Three clones were sequenced and a consensus sequence, sans primer sequences, was used for BLAST and FASTA viral nucleotide similarity searches. 1, 4 BLAST searches (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) did not yield similarities to archived iridovirus sequences; however, FASTA searches (http://www.ebi.ac.uk/fasta33/nucleotide. html), the algorithm of which allows insertion of gaps to improve matches (http://molbio.info.nih.gov/cgi-bin/ gcgfaqget?R30492-34340-/htlib/data/gcgfaq/routines.html), yielded approximately 60% identity to 3 ranaviruses: salamander (Amblyostoma tigrinum stebbensi) ranavirus (AY150217; 61.74%), tiger frog (Rana tigrina) ranavirus (AF389451; 61.17%), and frog virus 3 (AY548484; 60.19%) Multiple sequence alignment of the nautilus iridovirus and the 3 ranaviruses using BioEdit v.7.0.5 (http://www.mbio. ncsu.edu/BioEdit/bioedit.html) revealed multiple areas of similarity throughout the genome (Fig. 3) .
A PCR-generated digoxigenin probe was made by using 1 ml of a 1:100 dilution of the purified PCR product and substituting the deoxynucleotide (dNTP) mix with one containing a digoxigenin-labeled thymidine (dTTP) f at a final concentration of 200 mM and following the aforementioned PCR protocol using primer set 3. Formalin-fixed, paraffin-embedded tissues were sectioned at 4mm-thickness, placed on ProbeOn Plus slides, g and deparaffinized with 3 changes of limonene (Hemo-de g ) for 5 minutes each, then rehydrated by successive ethanol (EtOH) changes of 100% EtOH, twice, for 2 minutes each; 95% EtOH for 2 minutes; 70% EtOH for 2 minutes; and 13 Autobuffer g for 1 minute. Rehydrated tissues were digested in a 0.25% pepsin solution (dissolved in 13 Autobuffer, pH 2.5) for 10 minutes at 37uC in a humidified chamber. The pepsin subsequently was inactivated by incubation of the slides for 8 minutes at 105uC. After rinsing 5 times in 13 Autobuffer, the slides were incubated in 100% formamide for 5 minutes at 105uC to denature DNA. Hybridization solution (7.5% chondroitin sulfate, 53 Saline-Sodium Citrate (SSC), 50 mM phosphate buffer, 0.25% blocking reagent, h 22.5% deionized formamide) was applied to each tissue slide for pretreatment for 5 minutes at 105uC. A probe solution, containing 10 ml of the PCR digoxigenin-labeled probe that had been denatured for 10 minutes in boiling water and cooled on ice, then added to 5 ml of hybridization solution, was applied to the slides and incubated for 60 minutes at 37uC. After incubation, the slides were rinsed 3 times in 0.5% SSC, 3 times in 0.2% SSC, and incubated in buffer 1 (0.3% Triton-X 100, 100 mM Tris, 150 mM NaCl, 1% sheep serum) for 2 minutes at ambient temperature. Horseradish peroxidase-conjugated antidigoxigenin antibody solution, h diluted 1:500 in buffer 1, was added to each slide, and incubation proceeded for 60 minutes at 37uC.
After incubation, the slides were washed once in buffer 1 and transferred to 13 Autobuffer for complete rinsing. The slides were then rinsed once in buffer 2 (100 mM Tris, 100 mM NaCl, 50 mM MgCl 2 *6H 2 O, 0.004% Tween 20, 0.0025% Brij 35). Sites of DNA probe hybridization were localized by high-affinity cytochemical analysis using an antidigoxigenin antibody conjugated to alkaline phosphatase and a nitroblue tetrazolium chloride chromagen solution (nitroblue tetrazolium chloride dissolved in N, N-dimethylformamide and X-phosphate h diluted 1:250 in buffer 2) that was applied for 60 minutes at 37uC. The slides were then rinsed thoroughly, counterstained in 1% fast green, coverslipped, and examined by light microscopy. Sites of probe:target DNA hybridization were identified by deposition of a blue-black formazan pigment. The iridoviral nucleic acid that was detected corresponded to the intracytoplasmic inclusion bodies that were initially observed in HE-stained tissue sections (Fig. 4) .
The family Iridoviridae contains 4 genera: Iridovirus, Chloroiridovirus, Ranavirus, and Lymphocystisvirus. Goldfish-like viruses 1 and 2 (host species: goldfish) remain unassigned in the family (http://www.ncbi.nlm.nih.gov/ ICTVdb/Ictv/index.htm). 7 Host species in the genera Iridovirus and Chloroiridovirus are invertebrates. The former genus infects a wide range of invertebrates, whereas the latter genus infects mosquitoes. Cold-blooded vertebrates are the host species for Ranavirus and Lymphocystisvirus. 3 These virions typically range in size from 120 to 300 nm in diameter. They are icosahedral, may or may not be enveloped, and contain double-stranded DNA of approximately 100-210 kb. 7 Nautiluses are cephalopods in the phylum Mollusca, which also includes invertebrates such as octopus and squid (http://www.meer.org/M30.htm). The most likely iridoviruses found in these species would probably be from the genus Iridovirus, not the genus Ranavirus. However, the paucity of reported sequences of invertebrate iridoviral immediate early protein genes may have affected homology searches. An Entrez (http:// www.ncbi.nlm.nih.gov/entrez/query.fcgi?db5Nucleotide) search for nucleotide sequences of immediate early proteins retrieved 12 sequences; none were invertebrate iridoviruses. Also, lack of amplification using primer sets homologous to the major capsid proteins, particularly using primer set 1, may have been due to lack of conservation in the nautilus iridovirus or DNA-shearing effects of formalin. Amplicons . 200 bp are often difficult to obtain from tissues fixed in formalin, particularly with fixation times . 24 hours. 2 Primer sets 1 and 2 are designed to produce 500-bp products. The small size of the amplicon also precludes specific classification of the nautilus iridovirus since longer sequences would enable better characterization of the virus. Use of amplicons in other regions of the genome may have yielded more similarity to invertebrate iridoviruses. Other possibilities are that the nautilus virus is unique or, indeed, more similar to ranaviruses. Fresh tissues for further DNA extraction or virus culture, or both, were not available. Further characterization of the nautilus iridovirus from formalin-fixed, paraffin-embedded tissues was not economically feasible. The similarity to ranaviruses and the validation of the sequence by DNA in situ hybridization indicated that the intracytoplasmic inclusion bodies observed in the nautilus tissues represent an iridovirus which, to the authors' knowledge, is the first virus of the family Iridoviridae to be reported in a mollusk. 
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